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(54) Apparatus for routing a flexible circuit 

(57) A portable electronic apparatus is disclosed. 
The apparatus has first and second portions arranged 
to be movable relative to each other. Electrical connec- 
tion between the portions is effected through use of a 
flexible electrical connector. The route of the connector 



between the two portions is impeded by an obstacle so 
that In a first configuration, the connector Is constrained 
to follow a first route, and In a second configuration, the 
connector Is constrained to follow a second, . different, 
route. 
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Description 

{0001] This Invention relates to an apparatus for alec- . 
tricalty connecting a number of relatively movable parts 
using a flexible printed circuit it finds particular utility in * 
folding electronic apparatus such as personal organist 
ers, laptop computers or mobile telephones. 
[0002] It Is desirable to be able to manufacture a 
number of portable electrical devices such that they can 
be folded into a relatively flat, minimal volume configu- 10 
ration when not in use, and unfolded, possibly to reveal 
further functional parts, when in use. As an example, it 
is convenient for a user of a portable telephone to be 
able to carry it unobtrusively about his person. However, 
small telephones can suffer from problems with smaller ts 
displays, smaller keypads, and reduced distance be- 
tween loudspeaker and microphone which can adverse- 
ly affect audio quality in each direction of communica- 
tion. However, if a folding configuration Is adopted for 
the telephone, a larger surface area can be made avail- 20 
able for a given volume, when compared to a non-fold- 
ing configuration. This mitigates the problems referred 
to above. For instance, a keypad and display can be 
concealed inside the folded telephone, to be revealed 
when the telephone is unfolded. 25 
{0003] However, a problem with foidable electronic 
devices is how to electrically connect the two or more 
sections to each other. Known solutions have used 
wires and cables, either Individually or in the form of rib- 
bon cable, to connect the sections. However, such wires 30 
can be too bulky and Inflexible to be used in today's min- 
iature devices. The preferred method of connection now 
utilises a flexible connector, such as a flexible printed 
circuit board (PCB) to provide electrical connection. 
[0004] Flexible PCBs consist of one or more insula!- 35 
ing substrates onto which one or more layers of conduc- 
tive trades ere printed, with the layers of conductive 
tracks being Insulated from each other by respective lay- 
ers of the substrate material. 

[0005] A problem with such an arrangement, howev- *o 
er, arises over the lifetime of the apparatus in which it is 
lrK»rporated. A laptop computer, or a foidable telephone 
is generally designed to have a life-span of several 
years. As part of the life calculations for such a device, 
a certain number of folding arid unfolding operations are 45 
required. It Is not unusual for the number of such oper- 
ations to be In the range of hundreds of thousands to 
greater than a million {100,000 -» >1,000,000). Such a 
large number of iterations places a great deal of stress 
on the moving parts of the folding apparatus and can » 
result in malfunction before the specified number of op- 
erations has been reached. 

[0006] Figures 1 a and t b shows the si mplest possi We 
method of using a flexible PCB to connect two halves of 
a foidable device, such as a telephone. In this case, rigid 
PCB 110 in a first half of the telephone 100 is connected 
to rigid PCB 120 in a second half of the telephone 100 
by flexible PCB 130. The flexible PCB 130 passes 



through the hinge mechanism 140 holding the two 
halves of the telephone togeth er. 
[0007] As the telephone Is opened, as shown in Fig- 
ure 1b, the flexible PCB moves through a large angle 
(generally in the range 0 - 100°). As the telephone Is 
opened and closed repeatedly over many such cycles, 
the cumulative stress on the flexible PCB can cause 
damage to the conductive tracks. Also, this technique 
requires a large ungathered surplus of flexible PCB to 
be contained within the hinge mechanism in foe closed 
position. This increases the chances of the flexible PCB 
'kinking', and so damaging the connections it carries, it 
also requires the Internal dimensions of the hinge mech- 
anism to be larger than would otherwise be required in 
or<jier to accommodate the excess flexible PCB. 
[000$] The apparatus shown at Figure 1 Is a rather 
simplistic view of how such interconnection may be 
achieved in practice. The hinge mechanism Is generally 
more complicated, and may incorporate such additional 
elements as self-opening mechanisms, locking mecha- 
nisms or damping mechanisms. AB these other ele- 
ments make the passage of the flexible PCB through 
the hinge significantly more complicated. One way of 
overcoming such difficulties is disclosed in European 
patent application EP0961370. This patent application 
describes a flexible connection between two halves of 
a telephone which requires the flexible PCB to perform 
a helical twist along its length. 

[0009] There is a possibility, in Implementing such a 
system, that the flexible PCB is able to chafe against 
Itself inside the hinge mechanism. Such chaffing is then 
liable to adversely affect the electrical connection be- 
tween the two halves of the telephone. 
[001 0] Aecorafing to a first aspect of the present Inven- 
tion, there Is provided a portable electronic apparatus 
comprising first and second portions, which are ar- 
ranged such that the two portions are relatively movable 
between a first configuration arid a second configura- 
tion, and are electrically connected together by a flexible 
electrical connector, wherein the route of the connector 
between the two portions is Impeded by an obstacle, 
such that in the first configuration, the connector is con- 
strained to fc How a first route, and in the second config- 
uration, the connector is constrained to follow a second, 
different, route. 

[0011] According to a second aspect of the present 
invention, there Is provided a portable electronic appa- 
ratus comprising first and second portions arranged in 
relatively movable connection via a hinge, the first and 
second portions being electrically connected via a flex- 
ible connector, wherein the flexible connector is routed 
through the hinge via an obstruction arranged to move 
with one of the portions, the obstruction taking the form 
of a plurality of structures projecting along lines substan- 
tially parallel to the axis of the hinge, about which struc- 
tures the connector is routed, and at a given relative po- 
sition of die two portions, one of the plurality of struc- 
tures plays no part in the routing of the connector. 
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[G012J An advantage of this Invention is the provision 
of a means of reliable electrical interconnection between 
two parts of an apparatus which are movable in relation 
to each other. 

[0013] Another advantage of thte invention is that the $ 
stress and strain to which the flexible connector is sub- 
jected throughout the'openlng and closing operations of 
the portable apparatus are kept at accepts We, determi- 
nable levels. This is achieved by routing the connector 
through the hinge in such a way that the connector fol- »0 
tows a defined route, which afters as the configuration 
of the apparatus alters, and maintains a substantially 
constant length for all rel ative positions of me apparatus. 
[0014] The constant length route is achieved through 
careful selection of a series of obstacles which act to is 
guide the connector on a defined routed through the 
hinge. The positions and sizes of the obstacles are care- 
fuHy chosen so that the route taken by the connector 
does not alter Its length significantly in moving from a 
fully open to a fully ciosed configuration. 20 
I0015J An embodiment of the Invention guides the 
connector around a series of projections attached to a 
plate arranged so that the plate rotates in accordance 
with the position of the hinge. In this way, the exact route 
" taken by the flexible connector varies in relation to the 25 
relative position of the parts of the fokJaWe apparatus. 
The plate may be made to move in relation to the hinge 
position by attaching it to one portion of the apparatus. 
[0016] An embodiment of the invention employs three 

• cylindrical projections disposed across the diameter of & 
a circular plate, and arranged to extend longitudinally in 

a direction parallel to the axis of rotation of the two por- 
tions. The connector is routed through the projections 
such that in one extreme conflguraiton, ttre comector 

* contacts opposing sides of adjacent projections. 35 
[0017] Conveniently, the projections are arranged to 

be disposed within a spool which may be fitted into the 
hinge mechanism of the apparatus. 
[0018] At one extreme of movement of the two parts, 
all projections play a part In forming the route foflowed *o 
by the flexible connector. At the other extreme of move- 
ment, one of the projections plays no part In forming the 
route. Consequently, at same given point in the range 
of possible relative positions of the two portions; one of 
the projections ceases to be involved in forming the 
route. 

[0019] An advantage of embodiments of the Invention 
is that the route taken by the connector is repeatabie 
and predictable. That is. for a given position of the first 
portion relative to the second portion, the route of the so 
connector can be determined. 
[0020] It is found that flexible connectors have a min- 
imum bend radius, which if violated increases the likeli- 
hood of damage to the conductive tracks, which in turn 
compromises the electrical connection between the 55 
sections of the apparatus. An aspect of this invention Is 
the routing of the flexible connector via an obstacle in 
such a way that the minimum bend radius Is not 



037 A2 4 

reached, thus mitigating possible damage to the con- 
nector. 

[0021] Advantageously, the flexible connector may be 
in the form of a flexible printed circuit board, which may 
be manufactured by one of a number of known process- 
es, 

[0022] A preferred embodiment of the apparatus fe a 
portable telephone, particularly a foldable portable tel- 
ephone. 

[0023] Another embodiment has the first portion ac- 
commodating a display, and the second portion accom- 
modating a keyboard. 

[0024] For a better understanding of the present in- 
vention, and to understand how the same may be 
brought Into effect, the invention wiH now be described, 
by way of example only, with reference to the appended 
drawings in which: 

Figure 1 shows a prior art solution to the problem 
of electrically connecting hinged components of a 
portable electronic device; 

Figure 2 shows an exploded profile view of a hinge 
component according to an embodiment of the 
present Invention; . 

Figure 3 shows a profile view of a hinge component 
according to an embodiment of the present inven- 
tion; 

Figures 4a -c show profile views of the hinge com- 
ponent of Figures 2 and 3 in various positions be- 
tween open and closed positions of the portable 
electronic apparatus; and 

Figures 5a-c show plan views of the hinge compo- 
nent of m equivalent posWons to those shown In Fig- 
ures 4a-c. 

* 

[0025] Figure 2 shows an exploded view of a spool 
200 which forms part of the hinge mechanism of a fold- 
able portable electronic device, such as a mobile tele- 
phone. The spool 200 comprises two interlocking por- 
tions. Both portions are flat discs having one or more 
spindles and apertures. Both discs are manufactured 
from a suitable plastics material. 
[0026] The first portion 210 has a spindle 220 extend- 
ing from the disc surface. The spindle » circular In cross 
section and Is concentric with the disc The first portion 
210 also has two apertures 245, 255 disposed one each 
side of the central spindle, towards the outer perimeter 
of the disc The apertures and the central spindle 220 
thus lie on a diameter of the disc . 
[0027] The second portion 230 may be considered to 
be constructed as an inverse of the first portion in that 
it has an aperture 225 positioned concentric with the 
disc. It also has two spindles 240, 250 disposed one 
each side of the central aperture 225, towards the outer 
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perimeter of the disc. The aperture and the spindles thus 
fie on a diameter of the disc. 

[0028] The correspondence between apertures on 
one disc and spindles on the other provides for a mating 
connection between the two discs. Each spindle 220, 
240, 250 Is shaped so as to provide a firm fHctfonal fit 
with Its respective corresponding aperture 225, 245, 255 
in the other portion of the spool 200. 
[0029] In the particular embodiment shown, all spin- 
dies am equally dimensioned, and adjacent spindles are 
equidistant from each other. However, other configura- 
tions are possible which would operate similarly. 
[0030] Figure 3 shows the spool 200 when the first 
end second portions 210, 230 are mated together. 
[0031 ] The axis of rotation of the hinge of the foldable 
apparatus is co-axial with the spindle 220 of the first por- 
tion of the spool. That is to say that the spool rotates 
about its central axis. The spool is positioned in the 
hinge of the apparatus so that the spool is fixed relative 
to one movable part of the foldsbie apparatus, and ro- 
tates with the hinge axis relative to another movable part 
of the apparatus. 

[0032] Figure 2 shows the passage through the spool 
200 of the flexible connector 300. In this instance, the 
flexible connector Is a flexible printed circuit board 
(PCB) comprising one or more conductive signal tracks, 
on one or more layers, printed onto one or more Insu- 
lating substrates. 

[0033] The flexible PCB may be a unitary element 
which accommodates components in each part of the 
foldabto apparatus, or alternatively, each part of the ap- 
paratus may have its own separate PCB, which may be 
flexible or rigid, which is connected to the other by a 
length of flexible PCB. 

[0034] PCB 300 is first guided past fixed spindle 260. 
Sptndle 2^0 is fixed in position in one movable part of 
the apparatus, and so the spool moves relative to spin- 
dle 260. The spindle 260 acts to ensure that the PCB 
enters the spool at a defined orientation, regardless of 
the rotational position of the spool. 
[0035] Figure 2 shows the position of the spool when 
the two parts of the foldable apparatus are positioned at 
approximately 45° to each other. The PCB Is guided 
around the three spindles of the spool such that it makes 
a pass around spindle 240 in an ant i -clockwise direction; 
It then makes a pass around the central spindle 220 in 
a clockwise direction; and then makes a pass around 
the final spindle 250 in an anti-clockwise direction before 
emerging from the spool. As the connector passes 
through the spool, it is merely guided around each pro- 
jection before either bei ng guided around another, or ex- 
iting from the spool altogether. 
[0036] Figures 4a~c show perspective views of the 
spool as it is when the apparatus is in (a) the closed 
position, (b) an intermediate position and (cj the fully 
open position. In each view, only the lower portion 230 
of the spool is shown; the top portion 210 has been re- 
moved for clarity, so that the route of the flexible PCB 



300 can be followed through the spool. 
10037] In Figure 4a, it can be seen that the PCB 300, 
passes at least part of the way around each of the three 
spindles 240, 250 and 220 (not shown), before exiting 

5 the spool. As the apparatus comprising the spool is 
opened, to the Intermediate position shown In Figure 4b, 
spindle 240 plays no further part in guiding the PCB 
through the spool, and Its route Is determined solely by 
spindles 220 and 250. 

10 [0036] As the apparatus is opened further to the fully 
open position shown in Bgure 4c, the PCB makes al- 
most a complete circuit of the central sptndle 220, before 
passing around spindle 250 to exit the spool. 
10039] Figures 4a-c show the route taken by the PCB 

« at three distinct points in the complete range of move- 
ment of the apparatus, but it is simple to envisage the 
points intermediate to those shown. 
[0040] The configuration chosen for the spool 200 is 
inspired by the realisation that in order to minimise 

20 stress, strain, fatigue and kinking of the flexible PCB dur- 
ing its passage through the hinge of a foldsbie electronic 
apparatus it is desirable, amongst other factors, to: 

■ seek to exercise some degree of control over Its 
26 route through the hinge; 

m configure the rote taken such that the connector 
does not experience any bends smaller than the 
minimum bend radius; 

30 

m attempt to ensure that stretching of the PCB Is main- 
tained within predefined limits; and 

■ attempt to reduce friction (both against other parts 
35 and Itself). 

- 

[0041] The embodiment so fax described addresses 
these issues by: 

4o m arranging the connector's route such that it gener- 
al ry fofiows a consistent defined path for relative po- 
sitions of the fotdaWe apparatus; 

■ guiding the connector through the spool around 
46 spindles which have a radius which is larger than 

the minimum bend radius; and 

■ configuring the spool such that the path followed by 
the PCB is substantially the same length for any giv- 

so en position of the foldable apparatus. 

[0042] Figures 5e-c correspond to the position of the 
apparatus shown in Figures 4a-c, but are shown in plan 
view for ease of understanding. 
66 [0043] Figure 5a shows the position of the spool with 
the apparatus in the closed configuration. The points 
marked X and Y are the entry and exit points respec- 
tively of the spool. The length of PCB between these 



»• 
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points is the length whJch requires some form of man- 
agement so that the possibility of it Incurring damage, 
In any of the ways so far mentioned. Is kept to a mini- 
mum. 

[0044] As the spool moves through its entire range of * 
angles between the positions show in Figures 5a and 
5c, It Is found In practice that the length of the route be- 
tween points X and Y only varies by a small amount. 
Such a small variation helps to minimise the frfcttanat 
forces experienced by the PCB throughout Its lifetime, *0 
and also yields the result that on the one hand, there is 
not a large amount of slack PCS occupying the space 
in the hinge where H could be damaged, and on the other 
hand, that the PCB Is not subjected to any great strain 
during movement of the apparatus between open and « 
closed positions. 

[0045] In the light of the foregoing description, It wifl 
be dear to the skilled man that various modifications 
may be made within the scope of the Invention. In par- 
ticular, an embodiment has been described which 20 
shows a folding telephone. The skilled man will realise 
that the Invention can be equally applied to any appara- 
tus which requires electrical connection between two or 
more components having a rotational connection- For 
instance, the Invention could be used to facilitate con- 25 
nection between the display portion of a laptop compu- 
ter and the keyboard section, or the vtewfinder of a dig- 
ital camera and the lens section, 
[0046] The spool for routing the connector may be 
made to any dimension whilst maintaining the general 30 
configuration described previously. In this way r the spool 
can be adapted to route a connector having a large 
number of Individual conductive tracks, in which case 
the projections about which the connector Is guided may 
be made longer. The spool may be scaled up or down 35 
In dimension to suit a particular apparatus end/or con- 
nector material. 

[0047] The present invention includes any novel fea- 
ture or combination of features disclosed herein either 
explicitly or any generalisation thereof irrespective of #> 
whettier or not It relates to the claimed Invention or mit- 
igates any or ail of the problems addressed. 



Claims 4 * 

1 . A portable electronic apparatus comprising first and 
second portions, which are arranged such that the 
two portions are relatively movable between a first 
configuration and a second configuration, and are «? 
electrically connected by a flexible electrical con- 
nector, wherein the route of the connector between 
the two portions is defined by an obstacle, such that 
in the first configuration, the connector Is con- 
strained to follow a first route, and in the second ss 
configuration, the connector is constrained to follow 
a second, different, route- 
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2. A portable electronic apparatus as claimed in claim 
1 wherein the first and second configurations rep- 
resent extremes of movement of the two portions of 
the apparatus. 

3. A portable electronic apparatus as claimed In claim 
1 or 2 wherein the first and second portions are me- 
chanically connected along an axfe of rotation, 

4. A portable electronic apparatus as claimed In claim 
3 wherein the axis of rotation is provided by a hinge. 

5. A portable electronic apparatus as claimed in any 
one of the preceding claims wherein the flexible 
electrical connector is a flexible printed circuit board 
(PCB). 

6. A portable electronic apparatus as claimed In any 
one of the preceding claims wherein the obstacle Is 
arranged to move with one of the portions. 

7. A portable electronic apparatus as claimed in any 
one of the preceding claims wherein the obstacle is 
provided by a plurality of projections arranged par- 
allel to the axis of rotation. 

8. A portable electronic apparatus as claimed in any 
one of the preceding claims wherein one of the plu- 
rality of projections ceases to play a part in the route 
of the connector at a given relative position of the 
first and second portions. 

9. A portable electronic apparatus as claimed In any 
one of claims 6 to 8 wherein the obstacle Is incor- 
porated Into a spool mounted coaxJally with the axis 
of rotation. 

10. A portable electronic apparatus as claimed in any 
one of claims 7 to 9 wherein the projections are cy- 
lindrical in shape. 

11. A portable electronic apparatus as claimed In claim 
10 wherein the projections ere substantially dimen- 
sional ty similar. 

12. A portable electronic apparatus as claimed in any 
one of claims 7 to 11 wherein the projections are 
arranged to have a radius larger than the minimum 
bend racHus of the flexible connector* 

13. A portable electronic apparatus as claimed in any 
one of the preceding claims wherein the portable 
electronic apparatus is a portable telephone. 

14. A portable electronic telephone as claimed in claim 
13 wherein the telephone is a foldable telephone 
and the first and second configurations correspond 
to relatively open and closed configurations of the 
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telephone. 

15. A portable electronic apparatus as claimed In any 
of the preceding claims whereto the first portion 

ccm^sesalceyi^itf andthesecc^pc^ 5 
prises a display. 

16. A portable electronic apparatus comprising f?rst and 
second portions arranged fn relatively movable con- 
nection via a hinge, the first and second portions 10 
being electrically connected via a flexible connec- 
tor, wherein the flexible connector Is routed through 
the hinge via an obstruction arranged to move with 
one of the portions, the obstruction taking the form 

of a plurality of projections along lines substantially 
paraBeJ to the axis of the hinge, about which projec- 
tions the connector is routed, and at a given relative 
position of the two portions, one of the plurality of 
projections plays no part in the routing of the con- 
nector, 20 

17. A portable electronic apparatus as claimed in claim 
16 wherein the plurality of projections are arranged 
col linearly. 



25 



18. A portable electronic apparatus as claimed in claim 
16 or 17 wherein the number of projections is three. 
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Figure 1 
PRIOR ART 
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